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K 8643 

ctKoocmay mxnw a oupterewew oil saxs 10 

OSLME PEBCTTT.m AND SHdCU>XtlV PROEDOOB OIL 

ttiis invent lea rala-to to recawnri 09 oil from & airtarxanno 
oil fib&la by imm of a ccudoctiv* heat driT*e pmnm, Moore 
particularly, the invention relates to treating a relative*y UiicK, 
and substantially crjrplataly inp er oe ab le subtoarranutt oil rival* by 
5 inane of 9. conductive boating process which both creates a 

perneabls tone within a selected portion of tha oil shale and 
suhasqueittly produM «hal« oil ^ocexbone. 

A proroteiHey-aldbd type of conducti ve heat drive £br 
producing ail froa i» subterranean oil abate wan invented in Sweden 

10 by r.L^wgfitroBau That process, which wan invented abort 40 years 
ago* was caraorcially need on a smell scale in the 1960s. It ia 
derated in Swedish Patent* No*. 121,7371 123,136: 123, 137 j 
123,133; 125,712 and 126,674, In tkltad States Patent to. 
2,732,195, aod in journal articles such aes nMergxoond Shale Oil 

15 pyrolyaU According to the Lj u n gstr oap Matted* , rzx wolm ?4 

(1953) No, 3, pegss 118 to 123, and "Met JBusrgy aecouorle* Toe the 
m Situ Oialectric Hwrting of Oil Shale 11 , Oil Shale 9yaposina 
Proceedings U, page 311 to 330 U978K In the Swedish pxocaea, 
fcaat fjiTecdon wells and fluid producing wells were completed 

7.0 within a perseable near-eurfaca oil ahale tarnation so that thero 
was loss than a th ree outre separatioo betwnan the baretoiea* iha 
heat injection wells were equipped with electrical or o tter heating 
olcraonta which ware ■trnrwmded by a mess of neterial, such am wand 
or canent, arranged to txenaalt heat into the oil shale while 

25 preventing any inflowing or outflowing of fluid. In the oil shale 
for which the Swedish process was deaigned and tested, tbs 
paxneabiJity was such that, due to a nrrrHncnow inflowing of ground 
water, a continuous pcapingroot, of water was Deeded bo avoid 
wasting energy by e vapo r ati ng that watar 

30 With xeepect to aubatantiaUy ccopletoly Uporaaable, 
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mJctively tiezp and relatively thic* oil shale deposit*, such a* 
thoa* Vn bhc Picoanca ttaflin in the I>rit**3 states, the pomrihUity 
of utilizing a cctithxjtivm heating prcoe*» tor proAtolnq oil km 
prcvicuaiy aroictered to be — according to prior tcachinge and 
beliefs — fvy*ioad.caU? ixifeaadble. Tor exowpia, in tbo 
abeve- identified Oil Shale Sycepoeun, the Ljm^ntiuwn prccoaa La 
characterized cm a pro aa aa which *.,,«ucce*siuliy recovered sbaie 
oil by fofcedding tubular eilecLxienl heating eicrasjta within 
high-qracfe shale deposit*. This raeLhod raided on ordinary tborral 
<ti.f fusion for ahaO.e batting, which, of coun», require* iaxgu 
tinpcnraUTTQ gradients. Itaia, hrating m» wry nuo-unifan^ mnthc 
wore required to fully retort, seall xoon-aiza blocks of ahale. 
Also, Jtuch bast energy was wasted in imdkalamting the stele xegirm 
r*yond the periphery of the rotating zone and ovexhaei::inja the 
shale closest to tha heat oooxoa. Dm latter probLas i* especially 
iir^rtant iu the cam of tfcwuam chains r aonce tJ w^i tmrqy i.n 
overhuarbad zone*, cannot be folly recovered by diffusa jon duo to 
<ixfcthoml£ reaction* which take place above about $00 *C\* ipxj* 
313) . 

In jrobstaotially iaperTesable types of relatively thick 
eubtarxaneeo oil chola faraticos f tbfi exacting and fwHi*v«in»r>y Q f 
a pcjMaa>jta tone through which the pyrolyais products can be flowed 
has been found to ba a aevere prubJae*. In US patent Rb. 3,468,376, 
it is stated (in cols. 1 and 2) that. "There are two joocbaniaas 
involved Id the transport of heat through the oil shale. Heat ia 
transfer-rod through the aoU<1 tuaea of oil whale by craducticn, 1t» 
boat is also transferred by oonuectinn through the solid rase of 
oil ehale. 5te tronaxer of heat by conduction ie a relatively alow 
prooww. The average cbetfttl conductivity and average tbeneU 
eUfftwivity of oil shale are about thoee of a firebrick Jtm tutrix 
of enljd oil ahale baa en extreoely lew peaeabUity such 1D» 
un^lisred porcelain. As a xosult, the coovective transfer of beat ie 
limited to heating by fluid flow* obtained in open channels which 
traverse the nil ehale. 'Ace© flow channels my be natural and 
artificially induced fracture*. ... On heating, a layer of 
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pyrolyxed oil cfcola builds adjuwrt the channel. Bde layer is an 
ij^rgiuiic win-rid aatri* which contains varying ctegrocs of carton, 
the layer is an ©vcr-aapfcndiro barrier to bit flew dm the 
heating fluid in the channel." The patent is directed to a prooBsa 
fcr cri r culatlng heated oil shals^pyrcVl.yting fluid through a flow 
ehaaneJ %*ile adding abrasive parti rlw< to the circulating fluid to 
erode the layer of pyrolyred oil ststim bain? forxed adjanent to tic 
channel* 

Although the thraal cepductivity and thaoml dif^tto.vity of 
mmy subterranean oil shales are, is tact, relatively s^sUax to 
those of unglased porcelain and firebrick, TO Patent No 3,237,689 
postulates that •* rapid advance of a hoat front- (Col. 3, line 7) 
cao be obtained by exchanging bast between bhe oil shale and. a 
rjuciesu: reactor cooling fluid and ascribes syctans to wing such 
reactors either located on the earth's surface or In the oil snal* 
deposit . 

OS patent Mb. 3,2*4,281 eaye <et Col. 1 P lines 3-21) , "7b* 
projection of oil from oil shale, by heating the shale by various 
oeans such as ... an electrical resistance heater ... has been 
Attempted with little access*. , . . Fracturing of the sbalo oil 
oxior to the application of beat thereto by in situ ~*friweMr> or 
other means has been practised with little success because -the 
shale swells upon heating with consequent partial or ooxplete 
closure of the fracture*. Tha patent describes a process of 
sequentially heating (and thus swelling) the oil shale, then 
injecting fluid bo hydrauliemlly fracture the swollen shale, then 
repeating those steps until a boat-stable frectata has been 
propagated into a production well. 

US Patient m. 3,455,363 dee orthee the aonrmlaHm of 
partially depleted oil shale ficagsBts within a flow channel such 
as a horiscntal fracturo being held open by the \* seen in of the 
fluid within the channel. The patent discloses that if the channel 
roof is liTtaad to eadntaln a flew path above soch a layer of 
cspJefcad shale, the overlying Coomtiaam must be bent and, without 
precautions, will bend to an extent causing fractures to extend up 



to the snrfaoo oi tba *arth, Itc patant Id directed to a proce** of 
intAxodttAniJy roduoing th» pressure cd the fluid vicMn such aa 
fracture to olio* the wight oi ttm cwezburdeo to crush and oonprct 
the layer of depleted ahale* 
5 In Q sicsiificsrtt portion <ii wisatantiaJJy ifl()oonaabla and 

celativttly thoc* oil afaala depceite, *uch aa those in tba Pioaance 
nasin, a valuable re sour oq of alxmniiM is pjwent Id the loan of 
dzfirfsonit*. In OS Patent NO. J,33*,97S, directed to recovorix* 
nlinmniOB v&ltfue from retorted oil staalas vhlch have baan rained out 

10 ffxao aoch deposits, it la pointed out that, in a substantial 

atoonoa of water, at taa^mrmtuxes of about U00 *P the dawtooite la 
cortvortsd to crystalline sodino aluelnsto. Such a *ater-£rea 
retorting can daoaapoes dolculttt is tba shale to produce carbon 
dioxide, calclto, and ro gng al uc oxide so that inoncsiujD tsdda 

15 coobinaa with part of tba silicon dioxide in tba tivOc, in a aemmr 
ponaittiog a higher recovery of the aluniniun valuta by a leeching 
process. US Patent No- 3,502,372, directed to utilising eolation 
raxcLog to recover daweonl be, indioatM that Khars tba pyrolymie is 
«ftected by an aqueous flnifl, soon at staaaat or the prodbjete of 

2q underground coKtustioo, it mist be conducted at a low teoperabur* 
and thus relatively elnwly, to ovoid converting the dbMeonita and 
crtbar soluble aluftlniue. ocopcc n fls to an insoictole setrrrinl such aa 
an&lcite. In 03 Patent to. 3,372,838, a slailar relatively low 
temperature pyrolyvJe Is alternated vitb infections of en aqueoua 
alkaline fluid containing en acid-insoluble chelating agent to aid 
lii leaching daveonita without rorriug such insoluble rastanalB. 

fha pxesont invention relates to a p* ■ sea for condoetlvely 
heating a aobtezranean oil ahale roccaxion in a tenner erranged fox 
producing oil froa a eofaterrapea i oil ahala fbnrwfrlnn wMoh is, 

X) initially, substantially iarjeoceable. m accordaoce Kith rftls 
inventioa, the poxtion of ail ebale deposit to be treated is 
selected, on the basts of the variations with depth in the 
cocoositlon an properties of its o>'H|'ii'iantii to have properties 
capable of intscaoting in a wener *4doh enhances the tmlfbrrdty of 

35 the heat fronts to an extent limiting tba tine and energy 
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<*xpeaditurea producing the oil to values equivalent to lees than 

tha valve of tha oil whicti l* produced. The aalectioo of the 

treeteent iattrval la based on cbe grade aod thickness o£ tha 

portion of oil shale deposit to be treated end toe enhoncenant it 

provides amounts to xe duo log the aaount of beat energy loet due to 

exothermic aide reaction* and iocreaeiog the eneunt of oil 

recovered froe a ciiea o.rade of oil shale. 

In accordance with this invention at least tvo valla are 

coapLeted Into a aubterraneaa oil abate treatneot interval which 

la subetaotlally laparmeable, containe substantially no soblle 

water, la at least about 20 a thick, la capable of confining fluid 

at proceee preaeore, at least aubetentially within the treatment 

interval, and contains a grade aod thickness of oil ebale each 

tbat tbe average grade la galloaa of oil plus gas aquivaleot par 

too by rieoher Asaay la at leaat about 10 and tbe product of the 

?rsde time the thiokxeea la autre* of the oil ibale le at leaat 

about 300. 

Time, tbe present lnvantlon provldea la a proceaa lo 
vhich cU le produced froa a subterraaean oil shale deposit by 
extending at least one each of heat-injecting and fluid-producing 
wells into the depoelt, establishing a heat-conductive fluid* 
lnpemaiibla barrier b^tveaa tbe interior of each heat-in jactiog 
well and the ad J aeon t deposit, and then beating the intarlor of 
each heat-injecting veil at a teaperatuxe sufficient to 
courioctlvely bant oil shale keregeo and oanse pyrolyai* products 
to for* fracture a within tbs oil shala deposit through which the 
pyrolyela prodaots are displaoed lata at least one production 
well, an ioprovenent for enhancing the uniformity of tha beat 
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fronts moving through the oil shale deposit, which compri.ee r 

determining variations with depth tn the composition and 

propertiaa of the oil iuu deposit; 

completing »«ld heat-injeotiog And f luld-produclog welle 
selectively into 4 treatment interval of oil shale In which 
the oil shale deposit (a) la at leaet about 30 a thick, (b) 
ie substantially impermeable and free of Mobile water, 
(cj baa a composition and thlokmese auch that the product of 
the average rischer naeay grade tinea too thickoeaa of the 
treatment interval la at leaet about 900, and Id) thereby 
contains conponanta capable of interacting in a manner 
enhancing the uniformity of a froot of condectively 
tranaodttad heat, with said wells being arranged so that, 
at leaet substantially throughout said treatment interval, 
the well boreholes are substantially parallel end are 
separated by substantially equal distances of at least 
about 6 mj and 

within the interior of each heat-injecting well maintaining 
an averege temperature which, selectively along said 
treatment interval, is at least about 600°C, but la not 
high enough to thermally damage equipment within the well, 
while heat la being transmitted, away from the vail at a 
rate not significantly faster than that permitted by the 
thermal conductivities of the earth formations adjacent to 
the heated interval within the wall. 

Xn a location in which a subterranean oil shale may 
contain portions which axe generally suitable for nsa as a 
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treatment interval (as deecrlbsd above) but ars ape to fa* 

perneatmd by substantially disconnected oatuxal fractures and/or 

Planes of veafcness as veil as being located Mar boundarloe of the 

Qil recovery pattern and/ox neer a potentially aetlva aquifer, the 

operation of the present process oan advantageously bo combined 

with a use of *gusrd wells" locate* near the periphery of the oil 

recovery pattern mod/or between a production well and an aquifer, 

Bcch guard veils are extended at least substantially throughout 

10 the vertical e a tent of the treatment Intervals end the adjacent 

formations are initially heated by thermal conduction in a sannor 

similar to that enplcyed in the heat* injecting sells, except that 

the guard wells are heated at temperatures which arm too low to 

ossify significant proportion of the oil sbalo organic components 

but are high enough to cause a significant thermal extension of 

the rocfc matrix of the oil shale deposit. 

In soas instances, It asy bo desirable to maintain sech 

a 
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relatively tar tenperwtnre guard veil hHartdw? tterwntwat at least a 
substantial portico of tha stein oil recovery process. In otter 
instances, altar oo initial relatively low '^"'-"'^ heating of 
the guaxrt MeUs, It ley to advantagoaufl to hMl guard well* at 
3 about the tweperacure selected ibr the hsat-ijrjecting wells, in 

oroer to expand the pattern of tall* fro* which oiJ io diqplaotd by 
tbsrnal conduction. 

as used herein regarding tha grate of the partial of oil shale 
to be treated, the "average grade in gallons per too by Fischer 

10 Assay" refer* to the following* Die tfe termination is or la 

equivalent to a dstexxiinaUon ccoducted Substantially as inscribed 
is the ASTM Standard Test Hvthod li 3904-40. crushed i» stale ie 
ennpled by riffle-splitting. The detanrfjation of tho ttnoait of oil 
plus ga* equivalent available froe oil shale is jwde by heating tha 

15 raw shale fro* anblent ceweeraturc to 5€G *C in cast aiwlninv* 

alloy retorts. H» vapours distilled from the sample act cooled an* 
the condensed fraction is collected, Tbs oil and eatsx fractions 
are separated, the xater volutti <oooverted to weight equivalent) Is 
cwasured and contracted froe the oil pins eater weight, Om> eexght 

20 of mKxndnnsable oases evoLved igae-plus-loss) is then calculated 
by difference. Tbs grade, as used in the "grade tines thickness in 
metres of oil shale" product, is the gallons of oil plus 
hyoxoaarbon gas equivalent corro s po pdla q to the total weight of nil 
pins hydrocarbon gas evolved by tha heating* 

25 Vh* walla are conpleted into tbe U e etie ei t interval and are 

arrajigod to provide at least one each of beat-injecting and fluid- 
pxoiocing veils having boreholes which, enbetantially throughout 
the troatnant interval, are wfe s t a ntielly paraHnl and are 
sepaxated by substantially equal distances of at least aboot 6 sl 

30 la each IsMxt-injectang vail, substantially throughout the U e atin g u. 
ijrtcrval, tno well-suxioondtng face of the oil shale fbcotien is 
sealed vith a solid ntarlal and/or cenent *iich is relatively heat 
cononative and substantially fluid irepaonabla. In each fluid- 
producing well, socatanCislly throughout tho Ueataent interval, 
fluid (Tfwmni nation is established botwaon the well bazehole end 
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tho oil shale fcoraatlcc anJ the well la arranged for p*u*jcing 
fluid to tha oil shale f amotion, Tfce ictericc of each, 
heat-injecting vOl is hosted, at lmt snbstanHsUy tlTB&xfacut 
ti*> trcbtmnt interval, at a rate or rate* oapabla of (a) 
2 increasing the te msaaretpxe within the borehole interior to at lease 
Aajt 600 *C and <b) nan tailing a borehole interior tmpBrnture of 
ot lasst ahcrt 600 *C without causing it to becatn high enough tn 
thcmliy drags aquipneut within the borehole vhUa the rat© at 
Which boat is generated in the borehole is tbbwtmti^3Iy equal to 

10 that permitted by the hast omdsctivity of tho oil whole foemtian. 

In a preferred cebodissat of the present pcocesa, the ttchariol 
for seeling the face of the oil ebale taaH i o n along the borebolo 
of at. least coo beat-injecting veil ia a closed bottra rasing 
gioated by ocourit arranged to fill sxtetantially all uf the space 

13 batman each ootexnotft matnllic" elaseot present within the intcudor 
of tha borehole and the adjacent face of tha oil shale tomtticn, 
with said oooaot having a thenal coadDCtivity at least 
eobsteiitiaily as high as that of the oil sheds fiomrtloa. 
Detsxxdnations are nads of variations with depth in tha 

20 oaopositiai and prcpsrtise of the oil shale deposit and, 1b a 

Particularly preferre d prcce&xrs, based on the variation with depth 
in the heat conductivity of tha oil ebala deposit, tha heat- 
injecting wells are hasted so that relatively higher Ceaperaturoc 
arte applied at depths adjacent to portions of tha oil shale deposit 

25 in which the last conductivity is relatively loir. In addition, ox 
alternatively, in varies* situations, tha effective radius of at 
least one beat-injecting well is inc r e as ed by creating an eapnoded 
portion of the well boxohole and extending haat^ooodeoting natal 
eJeoents fron within the heated well interior to near the vail of 

30 tha appended portion of tho borahols* 

the present p roces s Id valuable for use tdthin a tnufrent 
interval of oil snels which contains other valoabls adoarale such as 
dawsonioa aod/or Pshoolits> Tn such a situation the present process 
creates a nerwabl* eons Wdch is selectively located, within the 

33 trsatoent interval and eobetentially within the boundaries of tho 
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vaZl paitotb used xar the oil production. The m*ultant pcraoable 
2nn ^ U a zone £xqb vhicb soch other ainerola can ba anlotlarv- 
mirted. 

In g-oaral, the present invention Is applicable to 
5 substantially any subtcmowsi oil anal* deposit ccataining on 
interval of subetanHally lapaniftabla oil aha J* vhich is 
aA«tarrt..l3LLly £rco of JObile Katat* is aurt: than strut 30 xi thick, 
and ha* *d adequate average grade tn gallons per ton (Flasher 
Assay) to give a grado-thidcnam prodixrfc of about 900 or greater • 
10 The average grade of the heated Interval should be greater than 

about 10 galloon par ton (Fiecher Assay). Within the** lijittatlonc, 
a highar grade- thickness product U increasingly desirable if other 
conditions such as depth rccaain the sane. 

Ihs invention trill now bo explained in grater detail with 
(5 inference to the a cooapgn ying drawings, in which* 

Figrae 1 above a plot of relative rate of return (HO for 1982 
US dollar* invested in installing end operating the pxoco&s of tea 
present invention, an a functioa of oil ehela grade~tMc*ae*Q 
(GCTD product, tn produce abate oil at it* 1982 veins, 
2a Figure 2 illustrate* a plot of theme] profHas at an 

observation well regarding texgsratuzea ceaasored at di f ferent 
depths CD) and tins within that vail. 

Figure a is a plot of the radial thexnal profiles at the 
middle of a beebed tone after different tine* of heating* 
23 Figure 4 i* a plot of thenml conductivities parallel and 

porpendicular to the tedding planes of an oil shale as a function 
of tflpyc rature . 

Figure 5 is a graph of Fischer Assay yield with depth (D) in 
and abevo a tasrbad portion of aubcerraooan ail shale. 
30 Figures 6 and 7 axe plot* of horizontal and vertical 

tenpac&tasx profiles within a heated portion of subterranean oil 
shale foaaation. 

Figure 8 ia a echeoatio illustration of a pnrHm of a wall 
cceplsfcicn errengetwit roi table for practising the present 
35 invention. 
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ml\ paitcm u*ad far the oil producticru Tt» resultant rcraaoabla 
zr*w> j.5 a xarw fitn whicb aoch other Brincrale con be anlntlcn- 
naned* 

In oaoeral, the present invention is applicable to 
S subctatitiaUy any aJttcrrmaan nil ahal* deposit ceoxaining an 
interval of subetanH al ly iapttinaabia oil ah»3« which Is 
substantially freo of aohlle Kacer, is ruct than afcnut 30 n thick, 
and has an adequate average frede in gallons par too (Piacher 
Aaaay) to give a grada-thlcknew» product of about 900 or graatax. 
10 Ths avoxajt grate of the heated interval atoUd be ctreater than 

about 10 gallon* par ton (Fischer Assay). Within thm lirhxatXcra* 
a hiQh.v grade-thickness pg e da ct is increasingly aeairabla if other 
condition eucti as depth xenain tfaa sane. 

Ths invantioo will now be explained in grater detail with 
(3 reference to the aoocananying drawings, in which* 

Pignse 1 above a plot of relative rata of return (BR) for 1982 
US dollars invested in Installing eod operating the procoaa of ths 
present i nvent i o n y as a function of oil ehaie grade tMctaeea 
(GX3H1 pKOduct, to prafcee abals oil at ite 1982 valos, 
20 Figux* 2 illustrate* a plot of theraal profiles at an 

observation wall regardiiig teag e ratue sa oeaeared at different 
depths CD) and tins within that wall. 

Figure 3 is a plot of the radial thsraal profiles at tha 
adddla of a heated «cnc alter difa»rant tiaaa of heating. 
25 FlgjiM 4 is a plot of therxnl conductivities parallel and, 

perpendicular to the tedding oleosa of an oil shale as a function 
of tenperature. 

Figure 5 is a graph of Tiaofaer Aaaay yield with depth CD) in 
and abev© a hasted portion of subterranean oil shale. 
30 Figures 6 and 7 are plots of hcriaontal and vertical 

tenpetature profUos within a heated portion of subbszzanaan oil 
shela fbraation. 

Fiflere 8 ia a echeaatlo Illustration u£ a pnrHnn of a wall 
ccoplation arranoerent sol table for practising the praaant 
33 invention* 
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Car sand, l/hcgstroea taactes chat tha in *itu heating and 
pyrolyzing ahoold ho don* in a portico of the ieparneacOc fonration 
vhich is vertically flcntiguoua to a wen-intuxctaxeefciaq fracture 
or * layer which ham different oaologicml character and ifl 
perneaole to flow of the fluid product* of tbe ur 
pyrolyaiji. 

Contrary to U» ixpHcations of s*2h prior H^achin^e axrt 
beliefs, applicants discovered thwt the presently dascribed 
conductive heating process Is tgoncmfml ly feasible for nee in a 
eubatantially ljoperjneable suhteaoaman oil shale* This is not 
obvious, particularly in view of the tact that the present process 
uses a ouch larger well pacing then tbat uaod in the $«dish 
prooees and the p res e nt process Is coodoctad by heating the 
inject! on veils to tanparature* of at least about 600 *C (although 
600 n: baa been said to by conducive to en emnrwdraj 3y untenable v 
heat-«asting, e ncbthea alo reaction^ see tbe Oil Shale Syaprsricet 
Proceedings mentioned above). 

By means of laboratory and field teat x a wuxme pca and 
jnathemiticml wtels of the present procoaa r applicants have fbend 
tJiat whoa the wells are spaced, completed, end operated aa 
presently Ascribed, the only region in which heat energy is 
utilized in an endotberadc reaction anecots to less then about t% 
of the area to be heated* and the energy lost in that fashion la 
ineagnifioastt- Applicants have aaosurad the rate at which 
substantially lapoppgab le oil stale foeaationa axe heated by 
conductivity, and have dstsjsdnad the ancunt of host repaired for 
pyxolyslng kerooen end thermally pressaririog the pyrolysis 
products to pressures oapable of O cac to rtng a relatively deep oil 
shale Pgrcatioa add thereally displacing pyrolysis peodects through 
tha ao-creeted permeability, 

lbs data obtained by such D*eearenents is toe field and in the 
laboratory hove been eeployed in calculations of power rscjulne- 
aeots, ecancaLcs, tin to etart prrrtartlnn, prefect duration, 
anoont of prediction, etc*, in smthsaatioal simulations that 
osrxaOste witti the field and laboratory data and irriinata the 
oagnitede* of such factors in respect to a full scale process. 
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Those calculations indicate that th« presently defined procras i* 
tha only ohala oil imxtoction process of wht.cn applicants aro moci 
which la capable of ccorerucally obtaining oil Crctt a relatively 
lew grade oil shale tonnatirjn, soch as on* in vhicii the Fischer 
Asay is only 15 gallon* or lam per ton. lhas capability can 
Increase the petrolwjo mmxve* of a ffloont pro p ort ion of tha 
oil ©halo land* by a factor of six. In addition, with respect to 
prooasscc for updtojrouaid rdrving and audi lied in titu retorting ol 
oil ritsJe, tbo present process significantly inrsxAoca tha aarxrtt 
of available resources by eliadnoting ths naod tor svfport fti Liars 
and iutorbuitaan between adning zona, and by providing a iseans for 
treating substantially all of * vary thick interval of oil shale. 

Thm present 0x00m can odVantagooiaily ba applied to 00 oil 
abate foxnation in which there 1* significant co ntinua tion ol a 
soneral suen aa cfefosniba or roboolita. In such a Coaaation the 
process pr ovinia* a pexncebls zone froa which mx* a odoaxal can be 
recovered, in addition, the praaeot process ia particularly 
adwtagacoa In converting daveaoite to watcsr-soloble coopounda of 
alia rrinhm (probably rho-flOmina) which have beam (both dwnicelly 
and physically) vane available fox aaiutioo-aining to produce the 
alundnio* — an aaaantdal oatorial which is in short supply within 
the WvLtad States. Id contrast to nary previously proposed 
procesaaa, the process of the present IxMsntion requires sub- 
stantially no water, involves larased land diaruption. end con ba 
conductad with w^«t«^i at aoosph a r ic pollution* 

Figure 1 ahows the relative race of rvtum for 1982 US dbllars 
invested in Installing and operating tha ^ p ^m process in field 
applications that nave been aatxaamtlcally acjdalled fron data 
obtained by f ie ld ond laboratory naasq eweoi 8 
tompus 1 

k xacim at injection and production walls in drilled into an 
oil shale fbrjutiari 48 a in thickness with 120 a of c w et to dan, Aa 
average, oil grade of the interval is 20 gallons par ten as deter- 
ntnad by Fdscbcr Amy. 

ins well pattern is a so v ott -s pot with each hoar injector ab 
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tha comer, of a regular haxaooo wrajntUng a ooaortral producing 
wall. Tha spacing is 22.3 A betaaan producers nod 5»}cctora. Tfca 
pattacn rapaata with proAjocra aharing th* injactnre in each 
direction aal oontiiaw to tooo a tield-Hlds pattern capablA of 
3 producing a lor^a quantity of oil. Tfc© ln>ctDr-to-pralJOPir ratio 
approaches 2 to 1 ia a laxoa fiiaJd. Tn ftoapla 1 the total oil 
prodacticr is 23,000 barrala par day t hroughou t the llfo of tha 
project. 

The injection well* electrical haabar* are cwagited into cte 
10 f carnation and oomactad to a potter aourco on tho ttarfaca. Tha 
production valla axe ocuJ^xd.vitb atan d axd oil field pucp» fox 
lifting tha ptodooad oil to tha aurfaca. *Ha electrical injection 
rato la 3.23 x 10 6 HRJ/WU per day. Th* tanparatnra of tha 
injector* ottaiaa 730 •C* The pxodootion wella raacfa a terminal 
13 tanpsratura of 300 *C aftar 33-34 year* of operatifft. Prototion 
ov*r thi* prricrf avexagei 5-6 bexralii/ckry par wall, frith the 
average auabar of act*va protetog walla bain? £rc* about 4000 to 
5000. float oopauaptifln ia 1.1 a 10 6 IUU/bazrel of liquid oil 
p>n >fact i nru 

20 Goaeojfl prodocta collect** fro* tha production valla my be 

ni«d for on-aitae oanexation of electricity or otter pmpoaaa. Tha 
oil-phaao pofcrolcua WMrn ia ao prodooad la aoperior to con- 
ventionally retorted ih&la oil. Tan ralaliwa rata of return *iixtx 
oan bo attpav*art frcn tba Bwaple 1 cltoation is Uluataaafaed by tha 

IS 'EX. I - aitnatioD designation on Pionre 1. 
WCrtHPLR 2 

A aariaa of injection and production wells are drilled into ao 
oil ahalo f conation 225 a in thinknaea with 300 n of ovadaurdan. 
Ttm at«rag* grade of tha oil ahale interval ia 26 gallon* par too 

:vo an detariiined by Fischer aaaay. 

Tbm vail pattern ia tha man* sevenHpot described ia Bcanple 1 
exc<xt tha apacioy ia U.S » between ealia instead of 22.5 a. Total 
prodoction 1* 25,000 barrala/day tzcaqhqct tha Ufa of tha project* 
Tba I nj ect or to predxar ratio atill approaches 2 to 1 ♦ tn tha 

33 veil** the heafoci and production aojuiaaant ara aiaaMax to thoaa 
aaacribad in ttcnp]* 1. 
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'A* «Oectric»l injection rata is 10.35 s 10* WO/aali par day* 
IV* ini«ct5i» well tccparatutaa rwacti 750 # C and tbe praajctinn 
veils reach a firwl tcopcrttturtt of 300 »c after a pxot%)etii» life 
of 9-10 year*. Production cxmr this period avaragaa 42-43 
barx»W<Viy par wU f with tha average nuifaur of active profeJ ng 
wall* being abcut 600. Th* heat ocasuiption ia 5,6 v 1Q 5 Wll/barrel 
of ilcfudd oil produced. 

As in Ewpla x, gaseous prcckjcts can bs und fen* co-si 
power qjaiaratioo or other purposes and tha liquid product vriJJ bo 
higher in quality than ccrMsnticoaUy r e tor te d sbala oil* lre> 
relative rata of return which can bs expacted is illustrated by the 
"DC. 2* situation designation on Figure 1< 

tablo 1 lists caicinaticr* of oil, shale graian, ttiicfciweas 
and grade-tfddassos uroabcta -vhicb acre generally suitable for vm 
in the prawn t process Tba relative position* of such grada 
thidowti (jrcducta with respect to the relative rates of financial 
xetarzi an illustrated by the designation* "Preferred RDnoV<P.EtJ 
and •aapecially Preferred tonne* (H.P.R.J on Figure 1. 



TfiHLB 1 

(Srarta {gallons/ too) Ptirfcness ha) Qgnga x Tnicfcnegg 

30 30 900 

20 45 900 

10 90 900 

mra daairabla grade thickness amrplas axe *wn as foUasax 

Crada fqailooa/ton) SMSjSBBSi M Qrada x ghjctoaag 

30 ISO 4500 

25 60 1500 

20 300 6000 

15 MO 9000 

10 225 2250 



in general, the higher the grade thickness product the usee 
UBMirublg. Ota practical enplicataflp is United only by tr» ability 
to heat the daairad intarval. 
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laata ware candaotud in an ooccrqpplng of an oil shale 
fozmttioa which is typical of aubatan Cially lia>maaa bla and 
relatively thick oil ahaio d&couita. Thirteen barocolaa vue 
S drilled to depths between 6 and 12 a and ia*r* Arranged to provide 9 
pattam of beat^in}*ction, obeervation and fluidrproAjction wella, 
with the borehole* being spaced About 0.6 a apart in order to 
provide a relatively rapid acquisition of data. But we* jnjeocofl 
at a rata of abort 1000 watts par nwere for five day a. Aftar the 

]0 heat-injcctioti vail fcaap or a tq re bad xaached 4 SO *C, a txaaperotura 
fau-cfX test ubs run tor coa day. 

Figure 2 shows the vertical thanal pro fl low- in an tfwrvation 
well, as a function ot tlao, The data wae titbed to a lastfcaaafcicaL 
eolation aascrihing the taaparatara diatriboticn axoxri a 

j5 finite-length liny mxircn inside" a jaadiiaa of thermal ooaaactivity 
(pmcallaj to bedding) 3.25 acaZ/cR>-sec-*C and tbaxnad oonte^lvlty 
<pexpandioulari 3.25 awd/at-eee-- # C. *fce apart fin heat capacity 
utilized in the ml eolations was cotpjtad firca the 
conductivity, thamal dif faaivity , and evaraga bulk density of 

20 cocoa laecoverad during drilling of the walla. Tha thaxxopbyaical 

propsrtiea tor ttoe the oil fchaia in which the teats war* conducted 
ara samariaed in Table 2. 



Initial Resanvir Ivxapexatare- 9.8 *c 

FiBcnar. Aesayt 20 gallon/ton 

DulX Density 1 2*20 ooVan 3 

Thoonal fciffusivityi 6.S x 10" 3 c» 2 /aao 

Specific ucat Opacity: 0.224 ami/** •C 

Figure 3 above radial profilaa caajutad for the Middle of that 
hooted 20m for various beating tiaae (O . At tha end of a 
tna^iaftirr) build-up beet of 140.5 hours r ttA average fuuetloo 
tgppecat U P O baaawam the baataor and cbeecvation wall wae 120 °C. 
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Pi^ire 4 shews a comparison of laboratory wiiues vn6 field 
data ruurtive to the thamel croductivity pnmllat tn ml 
pcrpyylinilnr to tha bedding planes of the oil ahnlo fbrnation, aa 
a function of tmqperatutw. Tha laboratory conductivity aoaauraaanta 
S were rode on adjacoot anqpliUi of cores fron the observation well, 
iwing 9oxe core* cut paralla] to and am cut perpendicular to the 
bedding planum A rp trc^-*triocphtee *zm uaad to aliadnata 
oxidation xwri-im. lbs wrtplea ware constrained In tno vertical 
direction bat war* fr» to expand radially* After the asaplos *«* 

10 heated to BOO *C, tha radial axpeneion avaragad \.45%. As shown In 
tha rigores, tha laboratory valuee ore la aaoalOaPt agraaawt with 
tha values ooapjtad teen the field data. Tfao tawt» indicate that 
the thrnral conductivity !■ Invar In the flirectiaa parpaadioulnr to 
tha betiding plane, beeauae karogan layers have a loner oop.1rt?tl7lty 

1 5 than tha dolomite uatrix. At tecqpexatures below ICQ *C, tha thenaj 
conductivity la eeaentially ieotnapic. as cbservod in tbo f laid 
tests. But, that conductivity lagiaja Increasingly anisotropic, aa 
tha kerogen is reached (at baapesatare a between 300 and 400 *0 and 
gaa begins to cccopy the apacos bataaan tha layera, Abe** 700 *C, 

2D both tha parallel and perpendicular cemdtoctivity dacao a aaa aharply 
due to tha d^oQapoaitixvi of tha <tolcarite and evolutim of 00^. 

When a subtcrraneta oil ahale frmwH on la hasted tha oil 
mhala eaparvte aa tha tcpycrature iocrroaaaa- W*n tha oil ahala 
ta^uratura reaches a fearoger pyrolyiing tguaxgature (for oanepln, 

25 frcai about 273-325 *0 additional eapansaon force* are generated, 
the kerogen is converted to fluids capable of cccapyino a larger 
voluoo than tha karooan, and men tluic* beocoe increasingly 
pxeesuciaed vrien the teaperatnse la lncraaend. Aa flora fluid la 
fozm*i and acre fluid ia baatad, hydanU rally indaced freotares 

30 form within tbo oil abalo fioraartiefi. 

Foctare a which axe tydraulloally induced within mister ranaan 
aartb rbjaeticne fora along pirns perpendicular to tha leaat of 
tha threw principal coapraaaive eUmuuj (i«e», one vertical and 
two xutu&lly paapanslcular horizontal coapreaaiva stressea) which 

J5 cxiat within any ■ ajtaixui aapi aarth fnnrwHnn . Hoaavar, abase tha 
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hydraulic fracture* tend to he vortlrtil, heriwxrtal fractures can 
be fbraed ty lusting hwt«J Ouido » that the well* of the 
vertical fractnrco arc heated unrtU they swell ahut. Q», by 
Increasing the fluid injection pntoosun* to graaLex then CMjrburdan 
pressure, a borixcntal fracture can be fooatd, Such proccsacfl for 
ttenally injuri ng th» fermtian of hcrizoatai fra c we c by 
injecting externally heated and preacariari fliriria are tacrUxd In 
patanta sue* as the above leut iflned U8 Patent Ho, 3, 284,781;. U8 
Patent Mb. 3,455,3*1 by C.S. MattfcM, P. Vanteoxs and C.W. Vfeiek, 
and US Patent to. 3,613,785 by P.J, Cloeaanu 

applicants hove on* <Uua*mvl that when substantially 
iTrgamr aa bl a subcarraoaan oil afcalee having tbc presently 
cc Bfrln a tl o n of gxade and thickness wasa coaAjctively beaboO am 
presently sueeified, a *or* of parnenbiiity vu cSewlcped between 
well* within the oil sbuls. Although the prcaaaot invention la not 
preeiaed on any particular aacfaaniai, in the course of such a 
trm tiwan t the heated oil stela behaved mm though it was subjected 
to tbe above deegr ifaed type of process for timeally intacing the 
focmation of horiaentai fractures. Sock a babavioar was not 
predictable, since the pcaaant process la operated idthout any 
injection of any fluid. It appoare that whan the present process la 
operated within an iapareeable oil finals, tbe in dtn graratim 
and * cplaoencrtt of haatad and highly pressurized fluids «r»" m «t 
the tinea and to tbe extents needed to inccessively extend and 
horizontally fracture through au co a as t v a yxnt inna of the oil shale, 
trtoa tbose portions bacon oondoctively heated, lbs zona being 
baa tad appears to undergo a relatively unifhrry horizontal/ radial 
expansion throeah tbe oil ahaia, at the rate act by the thersml 
f rti\ wt i vity of the oil shale, in each successive location in \*tich 
a Xerogerj pyrolyxing bs^psratu na la reached, fluids appear to be 
tawed, heated and pressurised ao that ■nnatantially any vortical 
fracture* wjhirh ana fonwA within the baated zona are subsequently 
converted to huriacntal fractures* 

A ipll caot a* teats indicated that substantially all of the 
fluid pyrolysls proriirfrg of the oil shale tended to renoin in or 
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rear the lrrartiooa in xhich they vcot formad untiJ they ware 
displaced, thxongh axjbetantliilly horizontal fxascturaa, tmo vslls 
adjoining too teat-injecting well*. In addition, the fi ai : Un a- 
inducing p reesmu of fluids in the horizontal fracture appaaxa to 
5 lvaw> bean redaced as those fluids expended and were cooled as tdhwy 
owed CMy fccori the hottest partlrm* of thfi ****** sore. 

Ttus. the pemt process Mm to indnoe tte swing of a zone 
of kvo9ea-TOroLy*log te^eratures thrcixsi tte oil stale 
ixKBdi4ct«ly betilnd a sons of localised frnct^ring in iddch the 

10 fracture* ans, or soon become, borinontal fractures, She heating 
«nd traotairiog aones aeon to Utfkrgn a substantially wvifboo, 
horiaontaJt, radial AKpsraion through tha oil shale, ojtii the sons 
of fracturing reechos a location (snob as tha bor^tfoie of a 
production wall) frcn w)iioh tba oil abalc pyrolyaia product* &x» 

(3 withdrawn. 

In addition, applicants have discovered that, at least ubnn 
tha ovsrburden pressure ia aaall, tha zona at petxsMteility that ia 
croatad batMaan adjacent walla ratlins a significantly high degree 
of payability After tha fbraetions haw oooLad, Thua it appeare 

20 that, even if tha uv e juXinfen preessxa ia high, an ajplicatdm of 
tha peasant process is capable of foonlng a well-intarraraieating 
zcoo In which tha permeability ramina high or con ba readily 
restored by an in^actten of fluid aftar aoaa or all of tha heat baa 
dissipated. And, the eagre* and location of that pa*»feility ctt 

15 be ocntrollad by controlling tha rata of removing tinid the 
prodocing valla. 

Tha data obtained by nsasunaacTta in field tasts of tha type 
described above were inclusive oft the thaxnaa conductivity of tha 
oil ahala iumti m, the amount of oil xeccu&rabl* by Piachec 

30 analy&ia at variona depths vlthin haatad intervals of tha oil shale 
before and aftar hunting, the KeaeuraDsot of the mxxxxt of 
pymlysis protests asoouerad, and the like. Wdla no oasamiioation 
existed UiU a aji heat injectors and prodooora at test start-up. 
injectiena st the end of the test dascostzated that paqassple 

35 ch amo l i had fbnsad, «vt results of atandsrd engineering 
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colcuUttorw ware Lidiuativ* of the applloeuUity of a axc e pt of 
the type Ascribed abcM< to the results obtained by the tarts, 

ttqom 5 .is a graph of Fiachar Arvny yields, £ru& the tmr^wt 
zone in tha xiald test, ac a function of daptti 0. Tte hcatod 
3 interval ostandsd frcw 4.2 to 6 ju. Ths solid curve shows ti» yields 
bHfore the hcatiog tnertjaart and the dashed curva chow* the yields 
after Tar/xtxog was ooapiatad. <The yields barors *cd aftar wro 
owwaitially tba -una cwttaido tho banted interval. toaeummrtji 
were oada- on coraa frcci the centre oi the pattern before heating 
ia and on cores about 13 an away after heating. The variations which 
ara apparent in those yields are within the ureal liwlta of 
accuracy for tba Tsaaeuring of suofa values* 

WlttUu the heated interval tho Fieeher Assay yield drops frca 
an average of 20 gallons/ton- before the tust to lass than 2 
IS gallons/ton after heating. Urn retorting efficiency within the 
procettfi acne ma thus better than SHJl of Fiacher Assay. 

Tte pattern and extent of tbo xearary eoofiraa the fact that 
little oil wu lost ov*r ths producing hnrrixtn through vertical 
fractures, in addition, ths aniforaAty in retorti ng efficiency 
20 through the hasted zcdg, Indicates that therxel fronts wore 
arprcKixetaly unifnna over east of the heated interval* 

The uniformity of the thetnal fronts is even core apparent in 
Figures 6 and 7. They anew horizontal and vertical b e spexet nro 
profiles calculated for a eat of vertical beatere in a fi v e s pot 
2S eguare pattern. Ths sat onad in ths calculations included four hast 
iniactore and one centra prodboer (not *hc*a\/ hot ceobored between 
the boatore snown on the ftonres) . Each heater u&a aasuead to be 
24 x> long and hasted at ths rate of 814 w/nu 

'ibe profiles in figure 6 (graphs of taaporeture variationa 
30 with distance* fro* the heater*) ware calculated along a horizontal 
sosjont 1^^^ toxloh azesnds bhrcugh the cdd^pointa of heaters at 
opposite c or a ars of the square* Figure 7 1a a alnilar graph of 
profiles along a vertical ssojteot I^lg on the axis of syons&ry of 
the paths tn. 

33 9udh calculation* indicate that by ths tine retorting 
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t^qxcxtuTM <27$-tt5 °C) art: raachad at the omire Of the pattern, 
more than 87% of ita vdlywm baa been uunvartsd whila- cnly about 14* 
of tbe convortad volum tab heated to acne than 325 •c FUrt**rsnre, 
tba calculations irilicnba thot If tbe pcmcx ia turned off or 
redocad before th* ocartrv reacbaa a tanjwt terpcr*tia» atcfa as 
3i5 •C, the 3 availing off of tin tbunl fncoLs will BtUJ boat tha 
centre ol too pattern to retorting taapaxatura* end will also 
re&ico tha tadxwratnra ri*e at the bceta*** Ifada aoda nt operation 
can ensure that loaa than 10% at tba heated voluac ia baartad to 
norm than W *C» and tins oao laeaaaaa the thermal eific±a*y of 
the proceea. 

In view of tha obova taat uwolts and the calculation* baited 
en thorn revolts, it appaara taat, cootxa to tbe prior teachings 
and baliol*, the initial Igpanraahility of an oil shale dcgealt cast 
b» utiliaad am an advantage. Hx initial ia^ai miIiH ifcy confines 
the fluids and fractnraa within the well pattam, adnca aa 
pac noabU ity exiata until the sons between the best-lnjactio^ and 
flnid-pcoducang tell) beccne pamaatad by a pattern of heat-inAwod 
horiimtal Etiactuose* 

in tho praaent parxaae, tbe rate at which beat ia transmitted 
into the oil stale deposit ia atxangly affected by the tcaporatux© 
gradiant between a heat-injecting wall and the surroonding earth 
fonostion. In a preferred prooecora, tba detaxuiaationB of 
variations *itb depth in tha coacoaitiai and properties of tbe oil 
«hala dppoirit. include a dotoxxdnation of tha petbarn of heat 
conductivity with depth within tha earth ftwwH-j^ adjacent to tha 
heat-injacting wall. Baaed on such detai&dnatiaae tha teaperetturw 
to vdiich at least ana baat>dnj acting wall la heated ara aacranoad to 
oa relatively high at the, depth* at which tba nemt ooDdtoctivitie* 
of tha adjacant earth ffrrnatrions arc relatively low* Ttdm tends to 
causa tha rata at which heat ia transmitted throiajh the aaxth 
fcrnations to be siAataotlally anifbxn along the axis of tha 
ba*fc-lTr>ectang wall, toawn pr o c a dnrs a can be utilized in order to 
provide higher teKpemtnrca In portiona of beat injecting wells 
adjacant to aaxth forjentiorjs of relatively low heat caaajctivity. 
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For txupl« # la veils vtoich are being nested by eloetxioal 
resistances, nddltlonol resistant elements can be positioned at 
the location at mbich extra beating Is xeuuired, preferably with 
precautions being taken to avoid the cxestion of "run-awey hot- 
spots' due to increasing temperature further increasing the 
resistance and thus further increasing the beating, for example* 
aa described in the commonly assigned* Canadian patent application 
Serial No. 495,854 filed November 21, 19SB, by P. VenHeuxs and 
CP. Vac Rgnond. in well* being heated by combustion* more, or 
larger, ox sore heavily fired, burner elements can be positioned 
in eucb location*. 

Suitable date rmioat loan of compositions and propertlei 
of the minerals and/or orgmnic components of an oil shale deposit 
end the variations with deptb in such properties can be made by 
means of known vail logging, reservoir sampling, and the like 
analytical procedures. The determinations can utilize previously 
measured geophysical or geochemical data or laboratory or core 
analyses, etc. Fox esaaple, the variations with depth in the heat 
conductivity of the adjacent format lone can be determined by 
calculations based on the kinds and amounts of materials present, 
and/ or by tbexmal conductivity locking measurements r ate. 08 
Patent So, 3,607,22? describes a logging; tool containing a 
constant output heat source sad three temperature sensors lor 
obtaining a log of relative thermal conductivity mltfc depth, Of 
Patent lo. 3,692,136 describes logging cased or open boreholes for 
temperature, tpaoific beat and thermal conductivity, employing a 
constant output heat source and three temperature sensors. 03 
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Patent Mo. 39 664,96ft deecribea a logger for ©afclng etation 
aeaeureaonts of tfaerval conductivity by beating a fomtlon tor a 
tiaa than aveaanriiig tbe rate at vhieb the temperature daoaye back 
to tbe aiblent teaperattire . Ufi Patent So. 3,**1,1*7 describee 
logging thermal conductivity of a caaad vail by measuring thm 
taaperatura of the ceaiag wall before and aftar paeeing a heetad 
probe along tbe wall. 

Aa indicated above, evan vltb respect to a <iv*-epot 
pattern in vbioh a aiogla fluid- producing well la surrounded by 
four beat»injectlng valla, substantially all of tbe intervening 
oil 
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shale can be both retorted and mete cranmabla, Bawevex, CM present 
invention is preferably ooploycd in a wuxis* at o^nfcLgcrria seven- 
or ttUrtecD-«pot pattens — in eithar ol which patterns 
(particularly in the ttrineenrepot pattern) the retorting rstu in 
5 aignifirBntly i ncreased by having ear* tUridVpxortucing well 
surrounded by filx or twelve heat- injecting v*JXs. 

The wells used in the present prcowtf cad be casplatact by 
lutoataotiaHy Any netted for cM33irjj a borehole into and/or 
opening a pre-«dLsting. borehole into fluid caaejnicetion with the 

10 subterranean oil shaltf loraation to be mod oimoii shale 

tzeatnent interval, m addition to having the speniHnd obarar of 
^significant onoonta of robila water, thickness, and grade of oil 
Khalft, the interval to which the present process in applied should 
be capable of confining fluid at Inst aubetaotl ally within the 

13 treatment intervals at least in xeepoct to allowing no significant 
linkage into overlying tocatiens when the procAira of the fluid 
reaches prcomee pressure, and fractures the foccntion within the 
treataant interval. Tkm boraholw o£ wells ccaplefaed Cor una in the 
promt procoss should bo substantially paxallaJ aod separated by 

20 sobstsntiaJly equal dl«rtancee of at least about € kl Borehole 

separation distances between injectors and producera of fxon about 
9 to 30 a are particularly suitable. BorabolA* fees of deviations 
from parallel, which cause variations of sore than about 20 per cent 
of the wall distances are particularly suitable. 

23 m the beat-inJecfcJng wells used in the present process, the 

rryr^i or iMssti llfria saterial which is used to seal along tnu face 
of the oil sheJUe fcraticn ie preferably relatively hsate*condactlve 
and substantially fluid-inparieehla. Particularly preferred caveats 
ara stable at tsapanataras of at Last about 800 *C, have a 

30 relatively M^h thmwal conductivities, relatively low permeability, 
little or no ohrlntage, an adequate eaea of pcopability and good 
oreedcal resistance, etc. The permeability and disposition of the 
sealing oaterial should provide a ml capable of preventing any 
significant asount of fluid flow b et ww the interior of the 

M tcretole and tin face of the oil sbala 6jhjU cp, so that the 
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txanwfer of heat f rem the %*iil to the fonrtbion ia anhfrtaorjally 
wotixmJy by conduction, tftxzo port i ma of that hcat-injacting iaU 
bomtola ax* affectively increased in dtasctcx near upper and lower 
cxtrcaitij^ of thu fcrmatngnt interval, for example, by uodor- 
5 reawing, the diattrtere of the increased portion* are preferably at 
least atow 110% of Lbe ncotinal tcreholii dimeter* Caldot 
alininata-ta'tfled concretes and/or caranta oontnining alwdne- 
silitsrba 3OTr*9»tM (or fins parUcJ.ea) are particularly suitablo 
for use a* such foCMtion race-saaltng raterialiu ExejieOee of 

10 suitable cants concrete* include thoea described in OB 
patents such as 3,379,232; 3 f 307,332 oai 3,592,642. 

Pignre 8 shows a portion of & hcat-lnjoctiftgr will borGhola, 
borcholo 1, which ia suitable far use in the present invention and 
is located within a broatraatt interval of subterranean oil shale 

15 deposit, ftoreholc 1 ocotaina enlarged particne, ioch aa poxticna 2 
uad 3, which can be torred by conventional proccdo rc s such aa 
uodorreaadnc; rinrtng driliirq, etc. * casing 4 is shown p os i ti oned 
within the borehole sad c e aent e d into placa with a fluid- 
ijcpecreablo > haftbrCCQ&JCtiva Material* each aa ceaent*. 

20 within each enlarged borehole portion, tho carina 4 ia 

(sguippad with at laeet one hsat-oandnctive wetnl eleneet, socb aa 
collar 6, cxxAairting; radially axteneiue alaoanta or jxartiona, auch 
as flexible neca! nobere 7. Booh hcatroonAictivo aatcclali £om 
relatively highly con du c ti ve paths tnr conducting boat frcn within 

ZS the. interior of a borehole to Bubatantially the wall of an enlarged 
portion o* the bareholn, Bwpies of suitsbln heat-conductive xvtal 
alenant* inrlTrai aeAal wall ecra tc here, turbulence Jtntaeea, 
csentsalinrs and the lite auch as a BaMoar-iok Turbobonder, or 
Boltlok luAcbccder, available fro* Bakerlins division at Bate OH 

J0 tools or a 101 Bar 8 centra llwr available fron Antelope Oil Tool 
and Maroitacturtng Goxpany, etc. 

With an areng e e a nt of the type atom in Vigors 8, at least to 
acav ttoctuat, the? fmil of baot I isjajiltted away froa a heetr 
injecting well cm be coda sore ucrLftra along ■ vertical line 

J3 traversing a layer of relatively low heat conductivity without the 
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necesaley of Tsuntatning a Wghur t eaperot ura in the portion of the 
%ell odjocwt to that Layer, Whan a ujiifooo tu^uatun iu 
ralnr/ilnerl within the interior of the bonahole, tha earth frmwtion 
face, aloorj uuch an enlar^d portion of the borehole bceoaas baotad 
to ftUbctaotlally the same taayaratnr a ae the ftn»Uoc\ faoe along 
narrower portions of the borehole. Sine* thn face of the fossatioo 
adjoining the borehole 1a heated to the hlgrwt tarw*ratare of any 
portion is the fcaaejtion, the tegyeoeatburc gradient wrtaodin? 
radially away from the enlarged portion Of the boso-bola is shifted 
radially away £rm tha borahuJ** 

Tn seraral, the hunting of tha interior of the tsart-itrjneting 
mil can be aoccepliahed by substantially any type of beating 
devloe f such aa ccafcusticn and/or electrical type of h™*^ 
olerjents, or tha like. lha beating element should e*tcod 
fRtetentially throughout tb* UmLm e ni interval (preferably 
thnwghcwt at 3nast about BO per cent of that interval) . ttan a 
ccdDUstlcn type hooting eleaont is uoed, a gae-fired heater la 
prolerrad. Use fbel and eeddante fox a ocnteatiaa heater (such ae 
coethane and oxygen} aro preferably aLwliad trough separate 
conduit* leading through a beet exohaojjar in *hioh the (nrrwring 
fluids are heated by tha o uffi c a cl n g coafaaettoi products. Too burner 
housing and fluid conduits of a ooabuation heater ere preferably 
installed within a well conduit Waloh it curxorjoded by an annular 
apace that is filled by the oeeent for sealing the face of the oil 
shale* Generally suitable typea of ciaUisU on heaters which could 
bo arranged for nee in the present prooeaa are rtnei i ibed in 09 
Patanta sooh ea 7,670,8021 2,780,450 and 2,902,270. 

An electrical resistanoe heater la particularly suitable for 
hasting the inberior of a bast-injecting wall in the present 
process. A plurality of resistance olananrs are prafarably need. 
Tbe maiatanoa eJsnents can be enunted within or external to an 
internal conduit or cod* or tdaply extended into tbe borehole- when 
ton reaiatancee are external to, or are eras of a su p porting 
eleven* r eucb as at conduit or rod, they are prafarably ewbedded in 
the ascent which seals the fan of tha oil shale along the 
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MTVrtmnt interval, CwwrnUy suitablo types of electrical hw*tera 
which could be arranged fcr dm in the present process are 
daacrihed in VS FatcntO SUCfe am 2,«72,445f 2,484,063? 2, 670, 802 1 
2,732,195 end 2,9S4,826. 
5 In varicnw reservoir sitaftOcna, portico* of an ail stiaJji 

d e p osi t which would, in general* he flaiteblc for u*# dm a faoaa te a nt 
interval, em daecribed in oar parent ac^lJcatabciJ, any te paaamtad 
by natural fracture* and/or plana* of weakness. Cacti relatively 
voatfc rack* vsy xBudergo relatively long exteaaiona of vertical 

10 fracture* whan prrwiauriwd duidto being displaced afiy £zun an 

injection vail oc*e into thee. This owy result in extending fluid 
pasaagswtiye Jxycrd t]» crjaeninga into production mU* wtVox into 
adjacent •quifurrB capable of causing an inflow of water te ma 
extant datriaantel to the oil recovery process. 

IS have aj$f diMJovccad that each prwoature fracture exuenslona 

can be avoided by drilling and iaauti no •gnaxrl walla* within auch 
xwlativiOy weak oil ahalo zoom in location* suxrouolintf a pattern 
of heat injecting and fluid producing wells and/or Id looarione 
intermittent between a heat injecting or fluid producing wcdl and 

20 an adjacent aquifer. Such guard walla axe oaad for ccntectively 
heating the adjoining taxation* aubatantiaHy thronghont tha oil 
•ihala interval te be treated co a tcaperatu re which la too low to 
gasify significant proportiona of the oil shale organic ce o yen e nta 
bat is hl^i enough to ceu» a fclgnifirwrt tbanal w n wr wri o n of tha 

25 rockm* Mvm tho#w recta axe heated the natural frecturee are kept 
closed and tha f racturing caneed by the approaching prese m Ue d 
flirJ.d-i (displaced away tea b*a^in}ecting yells) tenda to ba 
llrtlttvl te hTjrHmntnV rractaxaa consaatxatad along the cLdea nearest 
te the hart-injecting veil*. Mere fluid prcajcing walla are 

30 located aabatmitially batwaao tba bee^ injecting walla and the 

guard wells, the fracture* arc preferentially ext e nd e d into tnoee 
wells, wbere the high fluid proasures are quickly reduced by the 
production of the inflowing fluid* 

Tbm encountering of each relatively weak reservoi r recta ia 

35 apt te be indicated by an inflow of water into wella drilled into 
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ajch TDtfuu m genial, the natural fiactnsrcm counting * ralafciva 
*a*fcnwa aivVor water inflow can be thernally olorad by a 
relatively mild bating, a* Long iw tbo fractarc porosity is Dot 
ac^t than about 5 par cant* 
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L . In a pcooaas in which oil is p r o dnoa fl fmm a subterranean oil 
Ahala oapoait by extending at luaat ona each of baar-injecting and 
flnio-parcducing *al3» into Che dopoeit, aa^abllahiap; a basrt- 
conductiva flLdOhit-fmmabl* barrier betwooa tha interior of each 
heat-injectiog toll end the aa^ac aw t dapoait, and than bating ch* 
Intaoor of each beat-Injecting wall at a taapaxatsra aufficiant to 
oondactivaly beat oil stale kerogsn and oqum pyroly&ift product* to 
font fracture within tha oil shale deposit Otrou^j which tbo 
pywlyaia predicts arc dlaplacsd into at laaat com production wall, 
am iiBJucvRQBrtt- tor enhancing' tha uoifcxadty of tha baat Cti wit a 
ncvio? through t*» oil ahaio deposit, which omprlapai 

dataaadning variationa with dapoh fe> tha ccnyogitjon and 
properties of the oil ahala depoait? 
cccpletirjg aid baatrin)acting and flula^paodocing wall* 
selectivity into a trcetttont Interval of oil ahala in which 
tha oil afaaXe deposit <aj la at least about 30 jo thick, (b) is 
substantially i aparaaab la and few of wccUs later, (c) baa a 
ccoyoaltlon aod ihlcfcnaae each that tha product of tha ouacago 
Fiachar Awiy grade Lhasa tha thi ctoees of tha treadaaat 
intarval la at iaaat aboot 900, and W) thereby contains 
ocBVcnertts capable of iataractixjgf in a aaoear enhancing tha 
unifotriJty of a front of ccrtfsotxvoly transmitted heat, with 
aaid walla being arranged an that, at least ethstantially 
cfan aaghjat aaid tr a* merit irroerual, tha well boxeholee ara 
svtetantlally paxallaJ and ara oapnmtatl by eobstantially 
equaX distances of at least about 6 aj end 
within tha interior of each heet-irrjectina. isjU wdntaiAing an 
Mma taapaxsturv which f selectively along aaid traatnaait 
intarvaXr la at Iaaat about «00 *C, bat i* not high enough to 
thecnally damge eojtanaant within the wall, wfcila boat la 
being tnranttbad away frcm the veil at a rate not algal- 
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ficentiy factor than tint parcdttad by t±e thecal con- 
Axtivitfoe of the earth ibxmtioift rijouent to tba b»ot*d 
intarval within the wU, 

2. Th* procetfa of clain 3 in which, to the extent required to 
keep the rat* «rt which hast is trraodtted rrirrjpati the cdLl stole 
deposit wtoetftDtiftUy uniiuas along tk: axa* a£ trot heated intrarml 
of the heat-injecting veil, the at whidb at 

leant one hwit-tDjectin? veil is heated la relatively higher at 
******* edjecont to pastUxm of Lhe oil shale depoeit in which the 
boat con&ictivitiaa axe relatively loir, 

3. The prcccsa of claia 1 in which tba rata of hooting tba 
interior of at leacrt one heat- injecting well is varied to an extent 
caueing an effective levelling off of tba eternal front ao that th-> 
rata of advance through tba oil ahole of tba throw 1 Cront in 
ocnttmed at afcstamlally the one rota while t)wi rate of Increase 
at the taoparaoure within tba boreholo is aio^if icantly roanocd. 

4. The pcoaaaa of daia 1 in vhlrh the heet-injeoti»g and 
fluid-pro&jcijig valla are arranged In a aariea of conti^ucua 
patterns ia which each tlittd-produeing vail is guraojadad by at 
least four beat-injecting well*. 

3. Tha pvooaoa of dai» 4 Id which each flulft^o&ctng mix is 
sorrouDded by babv haat-iojastang welle- 
6* The proses* of clain 1 in which tba oil afaalc gredo ia at 
laaat about 2D gallons per ton and tho ajM fla rth icteaaa product ia 
at laaat j*cut 4500. 

7. the process of olain L, caqprtalng the atone of 

in each heat-injecting well , substantially t hrogtoot the 
t r e ata an t interval, eealing the face of tha oil abala fbonation 
with a solid notarial which ia relatively haat-enpdootive and 
aihstacrtially fluid ijqpanoaablai 

in at laaat one hBatpixxJectlsg veil increasing tha effective 
diameter of the borehole in at leeat one portion of the crmatwant 
interval and extancttrig at least cob baato^pdap tiwa ratal eOaoerxt 
ten within the Ixttflriox of tho borehole to near tho face of the 
30-crilarged portion of tba borehole?, aod 

In aaoh fluid-producing well, atoaeantially tborooghcut the 
treatnent Intervals establishing Flnid ccaourdcation between tha 
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well bore ana the all stale frmim-lon and arranging the veil tor 
produdnq fJuixt frca the oil ahale toocacioo. 
8. The psoeto of dais 7 in *hich tte svtexiai eaaling the ieoa 
of thsr oil eh&la f caff 1m aimj the borehole o± a beat-dnjaetiog 
5 well La a oentsDt armnqwl to fill aubataotially all of the space 
b e tw een the outoxaost awtallicr etasetts vithio tho interior of the 
borate and tha facu of tne oil eheJ* fo^Bwclon, vich. 9KUJ oenejnt 
having a tharwal aowfcxrtivity at 3e*et mtetantUlly ae high as 
that of tho oil tthal* roxnatioe. 

(0 9. The process of olaia 1 In uMch at least one veil located near 
ao edge of a pattern of beat-injecting and fluid-^codDcincr valla is 
extended sifcetantiaily throughout the txeetnent intarvul cod heutad 
at a tcaporatura high arucgh to cause a 1-hamnl amending and/or 
ccnprcsolvc ctrcsaing of tho- adjacent aarth Carnations hot low 

15 enough to avoid aX^uficont thazxaU vrri \ 1 *atioo of organic 
ccopamntm of to* oil ahala. 

10. Die proooM of clain 9 in which at least one to heated veil is 
£ubse<£iQQtly heated at about tin ttae^n'ftUJio selected toe the 
heating of the heet-in^ectiog veils being employed. 
20 IU The process of claim 1 in vhich the veil bo r eholes of said 
haat-in jactioa and tbaid prrrfcrring vails are separated by 
substantially equal distances of about 9 to 30 b. 
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stala oil 1» oubflOQueatly jmr^h mwl froa a n fctagra P M P 
interval of oil stela, %i»re the interval is initially 
substantially imwmMbO* sift oonUina * np a clf i l a fl gsaoa and 
thickness of oil ah*la, add iotvxval U contetWy haatad froo 
bmbuls interiors which ax© X^t hotter tnac aboot 600 *C and ar* 
bcatod at a rate such that kerogsn pyroiysis prodects fcraed «d.ttUf\ 
tha oil ehala craate flo* throjqh horizontal fccactnras which 
aubeaouaotly 000000 cortaadad into iluld-pcod^ c lng wOla that axe 
positional la spadflad locations* 



